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Umbrellas are essential tools for weather protection, yet many existing 
designs lack portability, ease of use, and adequate coverage; particularly 
for university students who require compact, reliable, and user-friendly 
solutions for daily mobility. One of the most critical issues identified is 
the need for umbrellas that are lightweight and foldable for easy 
carrying and storage, especially in backpacks or bags. The objectives of 
this project are to identify customer requirements for umbrellas, 
evaluate the importance of these requirements and the performance of 
existing umbrella designs, and propose design improvement using the 
Quality Function Deployment (QFD) and Theory of Inventive Problem 
Solving (TRIZ) methods. Data were collected through pilot interviews 
and a questionnaire survey involving 100 university students to capture 
users' requirements. Based on the survey analysis, the top three 
prioritized customer requirements were: (1) lightweight and foldable 
for easy carrying and storage, (2) smooth operation, and (3) sufficient 
coverage to keep users and their belongings dry. The integration of QFD 
and TRIZ effectively translated the user requirements into technical 
specifications and guided innovation in the design process. As a result, a 
new umbrella concept was proposed, featuring a head-mounted design 
for hands-free operation and full coverage, along with lightweight 
materials and an enhanced opening mechanism. The final design was 
developed using SolidWorks software. This study demonstrates that 
combining QFD and TRIZ offers a structured and effective approach to 
user-centered product innovation.  
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1. Introduction 

Umbrellas are essential tools for personal protection against sun and rain. However, traditional umbrella 
designs often fail to meet modern expectations in terms of durability, strength, and user comfort [1]. Many users 
experience frustration with umbrellas that are too heavy, not wind-resistant, or break easily after a few uses [2]. 
Moreover, increased environmental awareness has driven demand for products made from recyclable and 
sustainable materials [3]. 

To respond to these challenges, engineering tools such as Quality Function Deployment (QFD) and the 
Theory of Inventive Problem Solving (TRIZ) have become effective approaches in modern product development 
[4]. QFD is used to translate the voice of customers into technical specifications, while TRIZ helps resolve design 
conflicts and find innovative solutions [5]. 
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Studies have shown that combining QFD and TRIZ supports the development of high-performance, customer-
oriented products across industries, from cookware handles to electronic tools [6]. However, applications in 
umbrella design remain limited. This project apply QFD and TRIZ to develop an umbrella design that is 
lightweight, durable, easy to use, and environmentally friendly [7]. Despite being widely used, many umbrellas 
in the market are still susceptible to performance issues. They often break under high wind pressure, are not 
user-friendly, and are made with materials that are not recyclable or long-lasting. Additionally, the existing 
umbrella designs are not sufficiently aligned with modern consumers’ evolving needs, including portability, ease 
of use, and eco-consciousness. For example, users especially students often struggle with bulky or heavy 
umbrellas that are difficult to store in backpacks and inconvenient to carry during daily commutes. These 
limitations indicate a gap in the market for a more efficient, durable, and sustainable umbrella solution.   
Umbrella design has evolved significantly in recent years, yet most improvements still lack a comprehensive 
approach integrating user feedback and systematic design methods [8].  

Traditional design adjustments often overlook essential criteria like durability, weight, and portability [9]. 
QFD has been recognized as a structured technique to embed customer requirements into the early stages of 
product design [10]. Its application in the manufacturing sector allows translation of voice-of-customer (VOC) 
into prioritized engineering characteristics [11]. TRIZ, on the other hand, provides innovative direction to 
resolve technical contradictions that commonly occur in consumer product development [12]. For instance, 
TRIZ has been applied to enhance lightweight but durable solutions in mobility tools [13], and in household 
product designs requiring collapsibility and ergonomic usability [14]. Some research has demonstrated that 
combining QFD and TRIZ can significantly reduce material waste and improve product lifecycle [15]. More 
recent applications include designs for medical devices and portable equipment where low weight and ease of 
handling are critical [16]. These cases highlight the versatility of QFD and TRIZ in various product domains, 
showing promising potential for umbrella enhancement [17]. Additionally, the benefit of integrating CAD and 
TRIZ to bridge technical requirements with customer needs in product design has been established [18]. A 
review of umbrella product improvements highlights user-centred demand trends [19]. Finally, the use of 
validated questionnaires ensures accurate and reliable survey data [20]. This project aims to identify and 
prioritize customer requirements for umbrella design, evaluate the performance of existing umbrella products 
against these requirements and propose a new umbrella design using the QFD and TRIZ methodologies. 

2. Methodology 

The method and process flow were explained briefly and followed by data collection. An appropriate approach 
has been selected and properly planned to meet the objectives of this study.  

2.1 Data Collection 

A pilot interview with five umbrella users was conducted to explore common issues. Insights gained were used 
to construct a structured questionnaire, guided by Garvin's 8 Dimensions of Product Quality. The final survey 
involved 100 respondents at Universiti Tun Hussein Onn Malaysia. 

2.2 Research Process Flow 

Fig 1 illustrates the sequential process applied in the study, from user input to concept selection. 
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Fig 1 The flow of the research 

2.3 Quality Function Deployment (QFD) Process 

Customer requirements from the survey were translated into technical parameters using the House of Quality. 
Table 1 supports this analysis by presenting the mean of each customer requirement along with a comparison 
of performance scores for two umbrella types: a classic umbrella and a foldable one in Table 2. 
 

Table 1  Importance rating of the customer requirements 
 

 
No. 

 
Customer Requirements 

 
Importance Rating (Mean) 

1 Lightweight And Foldable For Easy Carrying And Storage. 77.41 
2 Operates Smoothly Every Time. 75.83 
3 Offers Sufficient Coverage To Keep The User And Their 

Belongings Dry. 
75.47 

4 Includes User-Friendly Mechanisms Like Automatic Open 
And Close. 

74.8 
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5 Can Withstand Frequent Use Without Breaking Or Tearing. 72.41 
6 Made With Materials That Resist Rust And Wear Over Time. 71.54 
7 Provides Strong Protection Against Heavy Rain And Wind. 71.18 
8 Designed To Last For Several Years Under Normal Usage. 70.26 
9 Additional Functionalities Such As Wind Resistance Or Uv 

Protection. 
70.07 

10 Effectively Shields Against Uv Rays Or Sunlight. 69.56 
11 Stays Intact During Harsh Weather Conditions Like Strong 

Winds. 
67.46 

12 Does Not Require Frequent Repairs Or Adjustments 64.28 
 
 

Table 2  The performance of the current umbrella 
 

No. Customer Requirements Performance Rating(Mean) 

Classic Umbrella 
(26 Respondents) 

Foldable Umbrella 
(74 Respondents) 

1 Lightweight and foldable for easy 
carrying and storage. 

58.75 70.48 

2 Operates smoothly every time. 60.58 63.79 
3 Offers sufficient coverage to keep the 

user and their belongings dry. 
64.1 66.51 

4 Includes user-friendly mechanisms 
like automatic open and close. 

58.83 66.88 

5 Can withstand frequent use without 
breaking or tearing. 

60.53 63.03 

6 Made with materials that resist rust 
and wear over time. 

60.81 63.45 

7 Provides strong protection against 
heavy rain and wind. 

60.33 64.14 

8 Designed to last for several years 
under normal usage. 

62.25 64.06 

9 Additional functionalities such as 
wind resistance or UV protection. 

59.43 63.61 

10 Effectively shields against UV rays or 
sunlight. 

60.77 65.05 

11 Stays intact during harsh weather 
conditions like strong winds. 

58.64 63.06 

12 Does not require frequent repairs or 
adjustments 

57.8 60.29 

 

2.4 House of Quality (HOQ) 

To effectively translate customer requirements into technical responses, the House of Quality (HOQ) matrix was 
developed using data from the QFD process. The HOQ helped prioritize engineering characteristics based on 
customer needs identified in the survey and pilot interviews. Fig 2 shows the HOQ constructed for this study. 
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Fig 2  House of Quality (HOQ) of the umbrella 

2.5 Theory of Inventive Problem Solving (TRIZ) Integration 

Using TRIZ’s 39 engineering parameters and contradiction matrix, technical conflicts were resolved. To resolve 
technical conflicts identified through QFD, TRIZ tools were applied. Table 3 summarizes the relevant 
engineering parameters and contradiction pairs, along with the TRIZ principles suggested to overcome them. 
 

Table 3 The technical parameters of TRIZ for the product improvement  
 

   Undesired  
         Result 
           (Conflict) 
 

 
 

Feature to  
Improve 

1 4 13 14 15 16 27 30 33 38 

W
ei

gh
t 

o
f 

m
o

v
in

g 
o

b
je

ct
 

L
en

gt
h

 
o

f 
st

at
io

n
ar

y
 

o
b

je
ct

 

St
ab

il
it

y
 o

f 
o

b
je

ct
 

St
re

n
g

th
 

D
u

ra
b

il
it

y
 

o
f 

m
o

v
in

g
 

o
b

je
ct

 

D
u

ra
b

il
it

y
 

o
f 

st
at

io
n

ar
y

 
o

b
je

ct
 

R
el

ia
b

il
it

y
 

H
ar

m
fu

l 
fa

ct
o

r 
ac

ti
n

g
 o

n
 

o
b

je
ct

 

C
o

n
v

en
ie

n
ce

 o
f 

u
se

 

L
ev

el
 o

f 
au

to
m

a
ti

o
n

 

1 Weight of 
moving 
object 

 1,10,35 1,28, 
34 

2,13, 
18 

2,26, 
18 

1,35, 
18 

2,26, 
18 

 1,15,35 1,28,35 

4 Length of 1,10,35  3,15, 8,13,35 2,13,26 2,13,35 1,13,26  1,28,35 1,28,35 
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stationary 
object 

29 

13 Stability of 
object 

1,28, 
34 

3,15, 
29 

 2,13,24 2,13,35 13,24,35 13,24,35 10,13,35 13,28,35 13,28,35 

14 Strength 2,13, 
18 

8,13,35 2,13,24  2,13,24 13,24, 
18 

13,24,35  13,28,35 13,28,35 

15 Durability of 
moving 
object 

2,26, 
18 

2,13,26 2,13,35 2,13,24  13,24,35 13,24,35  13,28,35 13,28,35 

16 Durability of 
stationary 

object 

1,35 
18 

2,13,35 13,24,35 13,24, 
18 

13,24,35  13,24,35  13,28,35 13,28,35 

27 Reliability 2,26, 
18 

1,13,26 13,24,35 13,24,35 13,24,35 13,24,35   13,28,35 13,28,35 

30 Harmful 
factor acting 

on object 

  10,13,35 10,13,35 10,13,35 10,13,35 10,13,35  10,13,35 10,13,35 

33 Convenience 
of use 

1,15,35 1,28,35 13,28,35 13,28,35 13,28,35 13,28,35 13,28,35   13,28,35 

38 Level of 
automation 

1,28,35 1,28,35 13,28,35 13,28,35 13,28,35 13,28,35 13,28,35 10,13,35 13,28,35  

 

3. Results and Discussion 

This section presents the outcome of the analysis based on survey data, QFD prioritization, and the application 
of TRIZ principles in addressing the identified technical contradictions. The results highlight how customer 
expectations guided the improvement of umbrella design, while the discussion elaborates on how each design 
decision contributes to enhanced performance and user satisfaction. 

3.1 Analysis of Customer Needs 

Survey results from 100 respondents at Universiti Tun Hussein Onn Malaysia were analyzed using Garvin’s 8 
Dimensions of Product Quality. The most important customer needs identified were waterproofing, lightweight 
design, durability, and smooth automatic operation. Users also preferred umbrellas made from eco-friendly 
materials. This information guided the development of the QFD matrix, helping to translate user needs into 
technical improvements. 

3.2 Application of QFD and TRIZ 

Using the House of Quality, customer requirements were translated into technical specifications. Features such 
as “lightweight frame,” “corrosion-resistant materials,” and “automated mechanisms” were prioritized. Table 1 
and Table 2 supported this prioritization by comparing classic and foldable umbrellas. Using TRIZ principles 
(Composite Materials, Segmentation, and Preliminary Action), design contradictions like “lightweight vs. 
durability” were resolved innovatively. 

3.3 Concept Development and Evaluation 

Based on the QFD and TRIZ analysis, three concept designs were developed to address customer needs such as 
light weight, durability, and ease of use. These sketches are shown in Fig 3 (a–c). 
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Fig. 3 Proposed product improvement (a) Sketch A; (b) Sketch B; (c) Sketch C 

  

       Three design sketches were developed to reflect the integration of QFD and TRIZ outputs. These concepts 
addressed customer pain points, especially: 

 Concept A: Focused on wind resistance using a dual-layer canopy. 

 Concept B: Emphasized portability using segmented, collapsible shafts, and hand-free. 

 Concept C: Introduced reflective and sustainable materials for visibility and eco-friendliness. 

3.4 Final Design Features 

After evaluating all three concepts, the final design was selected for further development. The improved 
umbrella includes a reverse folding system, ergonomic handle, and lightweight frame. Fig 4 (a–b) shows the final 
umbrella design in both open and closed positions.  

 

 

 

Fig. 4 Final design (a) Open; (b) Close 

Based on evaluations, a final umbrella design was proposed with the following improvements: 

 Reverse folding mechanism to prevent dripping and improve usability. 

 Polypropylene plastic ribs and polycarbonate fabric for strength and durability. 

 Innovative top-pull rope system, open easily, more intuitive. Pull-rope mechanism offer smoother, low-
resistance operation 

 Double ribs and reinforced joints increase long-term durability. Reinforced ribs and flexible support 
allow better performance in wind 

 Fewer moving parts, retractable rope, and adjustable straps reduce repair need 

(a) (b) (c) 

(a) (b) 
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4. Conclusion 

This study successfully demonstrated how the integration of Quality Function Deployment (QFD) and the 
Theory of Inventive Problem Solving (TRIZ) can enhance product development—specifically in the redesign of 
an umbrella. Through structured analysis of customer needs and resolution of design contradictions, the final 
concept achieved notable improvements in weight reduction, durability, strength, and sustainability. The 
application of QFD allowed precise identification of user priorities, while TRIZ facilitated inventive yet practical 
solutions. The resulting umbrella concept addresses key user concerns and offers potential for real-world 
implementation. This approach may also serve as a valuable reference for improving other consumer products 
in the future. 
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Appendix A 

Table 4 Rating of the importance and performance product of QFD Matrix 

Customer Requirements Importance Rating Performance Rating 

Classic  
Umbrella 

Foldable 
Umbrella 

Lightweight and foldable for easy 
carrying and storage.  

5 2 5 

Operates smoothly every time  5 3 2 

Offers sufficient coverage to keep 
the user and their belongings dry.  

5 5 4 

Includes user-friendly 
mechanisms like automatic open 
and close.  

4 1 4 

Can withstand frequent use 
without breaking or tearing. 

4 3 2 

Made with materials that resist 
rust and wear over time.  

3 3 2 

Provides strong protection 
against heavy rain and wind. 

3 2 2 

Designed to last for several years 
under normal usage.  

3 4 2 

Additional functionalities such as 
wind resistance or UV protection.  

3 3 2 

Effectively shields against UV rays 
or sunlight. 

2 3 3 

Stays intact during harsh weather 
conditions like strong winds. 

2 1 2 

Does not require frequent repairs 
or adjustments. 

1 1 1 
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